Abstract This study compared the stability of extracts of H. sabdariffa calyces microencapsulated with different concentrations of mesquite gum during storage. Dry Roselle calyces were mixed with 50:50 (v/v) ethanol:water solution to obtain 18°Bx concentrate. This Roselle extract concentrate was mixed with purified mesquite gum (100:1-100:5 v/w). The Roselle extract concentrate-gum (RECG) was spray dried at inlet and outlet temperatures of 180 ± 2 and 104 ± 2.3°C, respectively, at an air flow rate of 38 m 3 /h. Encapsulated Roselle powders (ERP) were analyzed for moisture content, total monomeric anthocyanins (differential pH), phenolic compounds (Folin and Ciocalteu method), antioxidant capacity (ABTS), and color parameters (L Ã ; a Ã , and b Ã ) after 5 weeks and 1 year of storage. Sorption properties (isotherms) and micrographs of powders were also obtained. The average yield of RECG powders was 15.27 ± 0.81 g/100 mL. During storage, ERP showed average values of phenolic compounds, antioxidant capacity, and anthocyanins of 3.43 ± 0.25 g gallic acid equivalents/100 g, 9.34 ± 1.4 g Trolox equivalents/100 g, and 318.7 ± 20.6 mg cyanidin-O-glycoside/ 100 g, respectively. Color parameters remained constant along the storage time.
Introduction
Roselle (Hibiscus sabdariffa L.) is a plant native to Africa that blooms annually. It is cultivated in other tropical regions around the world such as India, Philippines, Malaysia, and Mexico (Cid-Ortega and Guerrero-Beltrán 2015). Roselle calyces (or ''flowers'') are a good source of natural red-purple pigments having antioxidant characteristics. The Roselle calyces are commonly used to prepare aromatic infusions to be consumed as refreshments or as hot beverages due to their tasty flavor, nutraceuticals content and alternative medicinal benefits (Da-CostaRocha et al. 2014) . It is also used to prepare sauces, jellies, marmalades or for extracting natural pigments (Cid-Ortega and Guerrero-Beltrán 2014; Cid-Ortega and GuerreroBeltrán 2015) .
The main pigments of Roselle calyces are anthocyanins, a water soluble compounds which could be found in red, purple or blue colors, depending on the pH of the system (Giusti and Wrolstad 2001; Cid-Ortega and Guerrero-Beltrán 2016) . They are frequently found in fruits, vegetables, and cereals as aglycones; a molecule possessing two benzene rings and a heterocyclic ring with an oxygen attached to it. The central nucleolus, called flavylium, constitutes the anthocyanidin which is attached to one molecule of sugar (glucose, galactose, arabinose, xylose or glucuronic acid) (Manach et al. 2004 ). More than 20 anthocyanidins (i.e. pelargonidin, delphinidin, cyanidin, petunidin, peonidin, malvidin, among others) are known in nature; however, more than 300 anthocyanins can be found when anthocyanidins have attached different molecules of sugar in the structure (Durst and Wrolstad 2001; García-Alonso et al. 2009) .
It is well known that anthocyanins contribute to the human health due to their antioxidant, anti-carcinogenic, anti-inflammatory, and anti-angiogenic properties (Rossi et al. 2003) .
Anthocyanins are relatively instable and they could undergo degradation during processing, storage, and changes in pH, temperature, light, metals, oxygen, organic acids, sugar, or copigmentation (Rein 2005) . Therefore, the extracting method of anthocyanins is of paramount importance to take them out from the biological system; much care should be taken for minimizing their degradation or changes in their chemical structures. The polar characteristics of anthocyanins may permit their extraction using solvents such as alcohols, ketones, dimethyl sulfoxide or water. For food purposes, anthocyanins are commonly extracted using ethanol or water to avoid the risk of toxicity to people (Rodriguez-Saona and Wrolstad 2001) when using toxic solvents such as methanol.
Microencapsulation is considered a special technique to protect ''labile'' chemical compounds against damaging environments such as temperature, humidity, radiation, and microorganisms, among others. It is an accurate approach for storing, separating, and packaging these ''labile'' materials in a microscopy scale physical system. The spray drying method is frequently used for encapsulating heat sensitive food materials. The inlet and outlet temperatures, flow rate of the fluid, product type, residence time, and the row material conditions are some of the most important parameters to be taken into account to obtain a homogeneous powder by spray draying ).
Biopolymers such as carbohydrates (starch, maltodextrins, cycledextrins, carboximethylcellulose and derivatives), gums (Arabic, sodium alginate, among others), and proteins (gelatin, soy proteins, caseinates, whey, zein) are some examples of the wide variety of compounds used as carriers in spry drying of heat sensitive chemical compounds such as flavors, lipids, oleoresins, bioactive compounds, among others (Gharsallaoui et al. 2007 ). Mesquite gum is an exudation of the mesquite tree (Proposis spp.), which is found in northern Mexico in arid and semiarid environments. Mesquite gum is an exudate polysaccharide material made up of an arabinogalactan protein (2-4.8%) with similar chemical and functional properties as those of Arabic gum. Its branched structure may form a water soluble compact molecular conformation. It possesses emulsifier properties and it does not increase its viscosity considerably, even at high concentrations (OrozcoVillafuerte et al. 2003) ; therefore, it could be an alternative to common biopolymers used as carriers to protect labile materials to be encapsulated by spray drying.
The objective of this research was to characterize H. sabdariffa calyces extracts and their microencapsulated powders obtained with mesquite gum to evaluate their stability at different storage conditions.
Materials and methods

Materials
Dehydrated ''Creole'' Roselle calyces (long red variety) were acquired from Chiautla, Puebla, Mexico. Mesquite gum was obtained as the exudation of the Prosopis laevigata tree grown in San Luis Potosí, Mexico.
Roselle extract concentrate (REC)
Six hundred grams of ground Roselle calyces were placed in a beaker containing 6 L of a 50:50 water:ethanol (v/v) blend. This blend was protected from light, stirred for 2 h and centrifuged for 10 min at 4500 rpm at room temperature. Supernatant was filtered at vacuum conditions through Whatman paper No. 2. The Roselle extract (RE) was then concentrated using a Büchi evaporator (Rotavapor RE 111, Büchi 461, Switzerland) at 35°C until obtaining 1050 mL. Roselle extract and Roselle extract concentrate (REC) were analyzed for color, total soluble solids, monomeric anthocyanins, phenolic compounds and antioxidant capacity.
Mesquite gum purification
Mesquite gum was purified according to the Beristain et al. (2002) methodology.
Spray drying 100 mL of REC was mixed, separately, with 1, 2, 3, 4, or 5 g of purified mesquite gum to obtain Roselle extract concentrate-gum (RECG) blends. Blends were homogenized and then spray dried using a Büchi Mini spray dryer model B-290 (Büchi, Switzerland) at a flow rate of 10 ± 0.04 mL/min using an air flow rate of 38 m 3 /min. The inlet and outlet temperatures were 180 ± 2°C and 104 ± 2.3°C, respectively. The obtained encapsulated Roselle powders (ERP) were immediately analyzed (yield, moisture content, water activity, color, phenolic compounds, antioxidant capacity, moisture sorption properties and micrographs) or stored in jars away from light in ''dry environmental'' conditions (2 ± 1°C and 23 ± 2°C) to be analyzed (color, antioxidants) along 5 weeks and 1 year of storage.
Physicochemical analysis
Moisture content was evaluated according to the 934.06 AOAC (2000) method. Water activity (a w ) was analyzed using an AQUA-LAB hygrometer (Decagon Devices Inc., Pullman, WA, USA). Total soluble solids (TSS) were measured using a portable Atago refractometer (Tokio, Japan).
Color characteristics
Lightness (L Ã ), green-red (a Ã ), and blue-yellow (b Ã ) color parameters were measured in the Hunter scale, using a Colorgard Ò System/05 (Gardner, Germany) colorimeter. Color of samples was measured according to the type of Roselle product in the reflectance mode. For REC, 20 mL of extract was placed in a rectangular (10 9 53.5 9 54.7 mm) quartz cell, while for ERP, 0.7 g was placed in a cylindrical quartz cell (45 mm in diameter and 17 mm in depth) and color parameters measured. Total color change (DE), hue (H), and chroma (C) were calculated as follow:
where
are the color parameters at the starting of the storage time and L Ã , a Ã , and b Ã are the color parameters at each storage time (Marcus 1998) .
Total monomeric anthocyanins
Total monomeric anthocyanins (TMA) were evaluated according to the Giusti and Wrolstad (2001) method with modifications. RE: 7 mL of buffer solutions pH 1 and 4.5 were placed, separately, in test tubes. Two hundred microliters of Roselle extract were added in each tube and then thoroughly mixed. The absorbance (A) was measured at 520 and 700 nm at the two pHs using a Cary 100 UVvisible spectrophotometer (Varian Inc., Palo Alto, CA, USA). ERP: 5 mL of solution (ethanol) was prepared in a volumetric flask with 167 mg of ERP; afterward, 800 lL of this Roselle solution was added to 7 mL of buffer solutions pH 1 or 4.5, into separate test tubes, thoroughly homogenized, and absorbance measured as explained above. REC: 100 lL of Roselle concentrate was used following the same procedure. Distilled water was used as blank for measuring absorbances. The total monomeric anthocyanins were calculated as follow:
where MW is the molecular weight (449.2 g/mol of cyanidin-3-O-glycoside), e is the molar absorptivity coefficient (26,900 L/mol cm), F is the dilution factor (total volume/volume of extract), l is the light pathway along the quartz cell (1 cm). Then, results were calculated as mg equivalent of cyanidin-3-O-glycoside (C-3-O-G)/100 mL of Roselle extract or per 100 g of Roselle powder.
Phenolic compounds
Phenolic compounds (PC) were evaluated using the phenol Folin and Ciocalteu reagent (Cid-Ortega and GuerreroBeltrán 2014). Fifty microliters of RE or 5 lL of REC were placed, separately, in 50 mL volumetric flasks; then, 2.5 mL of the phenol Folin and Ciocalteu solution added and thoroughly mixed. Mixtures were left at room temperature in a dark environment for 3 min. Afterward, 5 mL of a 20% sodium carbonate solution were added and mixed. Finally, a volume of 50 mL was made up with distilled water and homogenized. This blend was left for 30 min and the absorbance measured at 675 nm using a Cary 100 UVvisible spectrophotometer (Varian Inc., Palo Alto, CA, USA). For ERP, 5 mL of solution (ethanol) was prepared in a volumetric flask with 167 mg of Roselle powder. Afterward, 150 lL of this Roselle solution was reacted in similar way as explained above. Phenolic compounds were quantify as gallic acid (GA), using the following standard curve:
where x is the concentration of phenolic compounds (mg equivalent of gallic acid/100 mL of extract or per 100 g of powder).
Antioxidant capacity
The antioxidant capacity (AC) was analyzed according to the Re et al. (1999) method modified by Kuskoski et al. (2004) . It is based on the formation of the ABTS •? radical. ABTS
•? radical solution it was prepared combined 3.3 mg of potassium persulfate and 19.4 mg of the ABTS (2,2 0 azino-bis(3-ethylbenzo-thiazoline-6-sulfonic acid) diammonium salt (*98%)) reagent with five milliliters of distilled water. The solution was kept away from light and left for 16 h at room temperature. The ABTS
•? radical solution was mixed up with absolute ethanol (radicalethanol solution) in a glass beaker to obtain an absorbance of 0.70 ± 0.02 at 754 nm. Roselle extract-ethanol solution for RE and REC, 50 and 5 lL, respectively, were diluted to 50 mL with absolute ethanol for measuring the antioxidant capacity. For ERP, 167 mg of powder was placed in a 5 mL spherical flask, absolute ethanol added, mixed, made up to volume, and completely homogenized. This solution was then diluted in a ratio of 1:30 with absolute ethanol to analyze the antioxidant capacity.
Antioxidant capacity 980 lL of the radical-ethanol solution was placed in a 1 cm quartz cell, and the absorbance was measured (A i ) using a UV-Vis spectrophotometer (Varian Inc., Palo Alto, CA, USA); then, 20 lL of Roselle extract-ethanol solution was added and left to react for 7 min and the final absorbance (A f ) measured. To obtain the percentage of inhibition the next equation was used:
The antioxidant capacity was calculated using a Trolox standard curve.
where X is the concentration of Trolox (lM).
Sorption isotherms and modeling
In order to evaluate the sorption isotherms, ERP was completely dried in a desiccator containing P 2 O 5 , until constant weight. The gravimetric static method was used for measuring the sorption properties of powders (Iglesias and Chirife 1982) . About 100 mg of powder was placed in weighing bottles; bottles were placed in chambers, at three temperatures (15, 25, and 35°C), containing oversaturated salt solutions of lithium chloride (0.111), potassium acetate (0.252), magnesium chloride (0.325), potassium carbonate (0.434), magnesium nitrate (0.524), sodium bromide (0.559), strontium chloride (0.691), sodium chloride (0.753), and potassium chloride (0.836) to create specific water activity (a w ) environments (López-Malo et al. 1994 ). The moisture equilibrium data were modeled, for calculating the maximum stability sorption properties of powders, using the BET (Brunauer, Emmett and Teller 1938) and the GAB (Bizot 1983 ) models. BET model:
where C is the constants of BET, W is the moisture content (g water/g dry solid), and W 0 is the monolayer moisture content in dry basis (g H 2 O/g dry solid).
GAB model:
where C and K are the constants of the GAB model, X is the moisture content (g water/g dry solid), and X 0 is the monolayer moisture content in dry weight (g H 2 O/g dry solid).
Electron microscopy
The technique of backscattered electrons with an acceleration voltage of 20 kV was used for taking micrographs of powders using a Scanning Electron Microscope JEOL model JSM-6610 LV (Akyshama, Japan) (Davidov-Pardo et al. 2008 ).
Statistical analysis
ANOVA and Tukey test (a = 0.05) were performed to make a decision about differences within means of variables during the storage times and, or gums concentrations.
Results and discussion
REC and RE physicochemical characteristics
Ã , H, and C Ã were 1.27 ± 0.0, 3.45 ± 0.0, 0.89 ± 0.0, 14.47 ± 0.0, 3.56 ± 0.0, respectively, and for the bioactive compounds TMS, PC, and AC were 81.04 ± 12.1 mg of cyanidin-3-O-glycoside/100 mL, 1.86 ± 0.03 g of GAE/100 mL, and 0.75 ± 0.03 g of Trolox/100 mL of Roselle calyces, respectively. The lower values of color parameters of the REC indicated a deep dark-purple color which corroborated with the hue and chroma values. Values of color were different compared to results obtained by other researchers; this may be due to the amount of Roselle used for extraction and the concentration process (Salazar-González et al. 2012 ). On the other hand, RE showed a high concentration of TMA, PC and AC: 141.8 ± 21.2 mg of cyanidin-3-O-glycoside/100, 3.08 ± 0.06 g of GAE/100, and 1.31 ± 0.05 g of Trolox/100 g of Roselle calyxes, respectively. It is well known that several factors can affect the extraction process of bioactive compounds from vegetable materials, some of the most important are the ratio sample:solvent, type of solvent, time of extraction, and method. Cid-Ortega and Guerrero-Beltrán (2014) reported similar values to those obtained in this study. As observed, the concentration process significantly increased the bioactive compounds and antioxidant capacity by 5.7 times in REC. Table 1 shows the RECG and ERP characteristics. It was observed that, increasing the gum concentration increased the TSS in RECG from 18.4% (control) to 22.5% in blends with 5% of mesquite gum; the increase of gum affected the yield and moisture content of the ERP. The water content of RECG blends had an important effect on the spray drying process. High TSS in the spray dryer solution to be spray dried reduced the amount of water by evaporation; a reduction in the moisture content of powders was achieved increasing the yield (Quek et al. 2007 ). High amount of gum in the solution might generate powders with low nutritional quality. No significant differences (p [ 0.05) were observed for moisture content within concentrations of gum for the five powders; a global moisture content average of 2.29 ± 0.45% was obtained for all ERP; therefore, an adequate final moisture content in powders was obtained. Ananta et al. (2005) pointed out that a final moisture content of 4% is indicative of an adequate dry product. The average yield of RP was 73.66 ± 1.49%, calculated according to the TSS content in the RECG blends. Table 2 shows the color parameters of ERP. In general, ERP had average value of 40.29 ± 0.71, 31.94 ± 0.29, 9.08 ± 0.11, 15.83 ± 0.13, and 33.19 ± 0.30 for L Ã , a Ã , b Ã , H, and C respectively. Purple color was observed when color was measured in solution in a transmittance mode. These values indicated that the ERP colors were in the red-yellow segment (0°-90°) of the color space (Marcus 1998 ). An increase in the content of gum in the formulation significantly (p \ 0.05) decreased the a Ã and b Ã color parameters; although these changes were not visually detected, they can be verified by the hue and chroma values. TMA, PC, and AC in just dried ERP Table 3 shows the TMA, PC, and AC of dried ERP. It is observed that TMA, PC and AC decreased as the amount of mesquite gum was increased in the REC, being significant (p \ 0.05) in TMA and AC. The increase of gum reduced the amount of REC; consequently, the antioxidant capacity. High concentration of mesquite gum in the ERP may have affected the microstructure of the powder, creating a crystalline surface that decreased the solubility in solvents, affecting the extraction process (Cano-Chauca et al. 2005) . Similar results were reported by Mishra et al. (2014) ; they reported that increasing the maltodextrin concentration, the phenolic compounds content was reduced. One of the main objectives of the spray drying process was the protection of bioactive compounds (Champagne and Fustier 2007) , such as anthocyanin; these compounds may have low stability to different intrinsic and extrinsic factors (Jiménez-Aguilar et al. 2011) . TMA, PC, and AC showed an increase in 112-142, 6.6-24.6, and 528-734% compared to the values obtained from RE. This can be attributed to the spray drying process that generates pores in powder that enhance the contact between solvent and bioactive compounds, facilitating the extraction process (Drosou et al. 2016) .
Encapsulated Roselle powders (ERP) yield and physicochemical characteristics
Electron microscopy
Micrographs of ERP for powders with 1% of mesquite gum magnified at 5009, 10009, 50009, 10,0009 are shown in Fig 1. It is observed that the particle size of powders ranged from approximately 1 to 10 lm. High amount of spray dried capsules were collapsed; therefore, some wrinkles or depressions on the surface are observed. These depressions are formed by the collapse of particles during drying and cooling (Idham et al. 2012) . Laohasongkrama et al. (2011) pointed out that the collapse of microcapsules is related to the temperature of the drying process. Idham et al. (2012) evaluated the effect of different carrier materials in encapsulated Roselle anthocyanins; they reported that the carrying materials affected microcapsules forming irregular surfaces (dents) and holes, although in general capsules maintained their spherical forms.
Moisture content and water activity of encapsulated Roselle powder
One of the main factors for maintaining good quality of encapsulated powders is the effect of temperature. The moisture content (4.3 ± 0.61) and water activity (0.34 ± 0.01) were low in ERP stored under refrigeration conditions, while at room temperature, the values for moisture content and water activity were 6.4 ± 0.45% and TMA total monomeric anthocyanins (mg cyanidin-3-O-glucoside/100 g); PC phenolic compounds (g GAE/100 g); AC antioxidant capacity (g Trolox/100 g) 0.47 ± 0.02, respectively. In both storage conditions, the concentration of mesquite gum did not affect significantly (p [ 0.05) the moisture content and water activity.
Color of encapsulated Roselle powder stored for 1 year Table 4 shows the effect of temperature on color characteristics (p [ 0.05) of encapsulated Roselle powders (ERP) after 1 year of storage. At both temperatures, the mesquite gum concentration barely affected (p \ 0.05) the color characteristics of powders (reflectance or transmittance). Hue and chroma values were higher for all ERP stored at refrigeration condition. In ERP stored at room temperature, the C and H values of powders slightly changed compared to the values at the beginning of the storage (Table 2 ). The main effect of the storage temperature was observed for L Ã parameter which was significantly (p \ 0.05) higher in ERP stored at room temperature (64.3 ± 1.6) than stored at refrigeration temperature (43.6 ± 2.4) probably due to fading of anthocyanins due to the light effect (Rein 2005).
These results can be verified with the total change in color (DE); this was higher for ERP stored at room temperature (24.1 ± 1.1) than at low temperature. During the storage of powders, collapse, caking, agglomeration, browning and oxidation might occur, this detrimental effect might be accelerated if the storage temperature is higher than the transition temperature (Tg) (Bhandari and Howes 1999) ; however, in this study, Tg was not measured.
TMA, PC, and AC in ERP stored for 1 year Table 3 show the TMA, PC, and AC of ERP after 1 year of storage at different conditions. It is observed that for TMP, PC, and AC in powders stored at refrigeration conditions the values were significantly higher compared to those of ERP stored at room temperature; however, ERP stored at both temperatures showed a decrease in TMA, PC, and AC compared to the initial values (JD). Low temperature slightly affected TMA (9.4 ± 2.2%) and PC (14.4 ± 3.6%) of ERP. High reduction (54.9 ± 4.2%) of the antioxidant capacity was observed, probably (2011) evaluated the effect of temperature on spray dried blueberry powder using mesquite gum; they reported that TMA, PC, and AC were reduced by 10, 7, and 15% after 1 month of storage at 4°C. Ersus and Yurdagel (2007) , reported that encapsulated anthocyanins from black carrot stored at 24°C showed a reduction of 33% compared to 11% observed in the powder stored at 4°C.
Isotherms Figure 2 shows the sorption properties of ERP obtained at three temperatures and modeled using the GAB and BET equations. A type II sorption isotherm was obtained according to the BET classification (Brunauer et al. 1938 ). The BET model is useful for obtaining the water activity (0.165, 0.214, and 0.088 at 15, 25, and 35°C, respectively) and monolayer moisture (10.6, 4.6, and 3.5 g H 2 O/ 100 g d.s. at 15, 25, and 35°C, respectively) properties of maximum stability for food systems, in this case the ERP; the model is adequate for water activities ranging from 0 to 0.45. On the other hand, the GAB model (Bizot 1983 ) was used for modeling the experimental data (R 2 = 0.913, 0.818, and 0.873 at 15, 25, and 35°C, respectively); it works in a range of water activity of 0 to 0.97. The monolayers moisture content obtained with this model at the three temperatures (10.3, 7.1, 3.5 g H 2 O/100 g d.s. at 15, 25, and 35°C, respectively) were similar to those obtained with the BET model. Powders should be stored at low water activity for avoiding caking, crystallization and consequently degradation of the antioxidants and color properties.
Conclusion
The physicochemical and antioxidant properties such as anthocyanins, phenolic compounds, antioxidant capacity and color of Roselle powders encapsulated with mesquite Different letter within the same column indicate significant differences (p \ 0.05) H hue; C purity; DE total color change Fig. 2 Moisture sorption properties of Roselle powder at three temperatures using GAB model gum were obtained. These characteristics were kept almost constant along the storage at refrigeration conditions; however, the power stored at room temperature also has adequate antioxidant characteristics after 1 year. Roselle powders, beside of being used as an additive due to its flavoring and color properties could also be used as a source of antioxidants. The use of mesquite gum is an alternative for encapsulation of extracts of Roselle. Powders solubilize easily in water or in aqueous ethanol.
